SHAPE                                                                                                         163

space age understands that the globe is a model of the earth. Most
models are approximate in the sense that they ignore some details in
order to present key features more vividly. Making a model entails

making a selection of which features are to be emphasized; this point
merits classroom discussion.

Maps

Interesting questions about the relation between shape and image
arise, for example, in the study of maps. Why do we use both globes and
flat maps? The answer is simple: they are useful for different purposes.
Although a globe and a flat map represent the same thing, namely the
earth, they display its properties very differently.

Flat maps can represent small regions of the earth quite well, since
part of the surface of a spherical object can be closely approximated
by a plane. But the representation gets worse and worse as you try to
increase the area represented by the map. The relation between globes
and flat maps leads quickly to very fundamental geometrical questions.
You can't make a sphere by folding up a sheet of paper, so to make a
flat map, you have to project the globe in some way. Mapmakers use
several different projection methods (Figure 22). Thus a map of the
earth is an approximation of a spherical surface, an approximation that
gets worse and worse as the portion of the globe being mapped is in-
creased. Every flat map necessarily distorts angles, areas, or both. Like
a mathematician considering more general kinds of maps, every map-
maker must compromise by deciding which features of representation
are most important for particular purposes.

Shadows and Lenses

Shadows, perhaps the most familiar examples of images, are never-
theless rather subtle because they distort contour as well as size. The
interesting question is to determine what sorts of distortions can occur,
and why.

Young children can learn a great deal by observing their own shadows.
To create a shadow, you need a light source (if you are outdoors, it is the
sun), an object (you), and a screen (the ground or a wall). The shadow
is your projection onto the screen, and what that projection looks like
depends on the positions of the light, the object, and the screen. Older
students can experiment, varying the positions of the light, the screen,
and the object that blocks the light to produce the shadow. From this
they can discover which properties of shapes are preserved and which